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4ABSTRACT
Chloro-IPC manifests no influence on normal
growth rate of albino rats. This compound increases
the incorporation of labeled amino acids into the soluble
and particulate protein fractions of the regenerating
rat liver. Specific radioactivity in these two fractions
depends on the availability of magnesium ion. The
optimal dose rate of Chloro-IPC is 1-2 mg per rat at which
protein synthesis stands at 150.8% and 54.3% of control,
in the presence or absence of magnesium ion-respectively.
Ribosomes and heavy ribosomes are the two sub-cellular
fractions most affected by Chloro-IPC treatment. Chloro-
IPC has no effect on alkaline phosphatase but a slightly
stimulatory effect on alcohol dehydrogenase in 24-28
hours regenerating liver. It interferes with the isoenzyme
pattern of lactate dehydrogenase. Increase in thymidine
kinase activity, induced by partial hepatectomy, may be
delayed or prevented by Chloro-IPC treatment during the
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The regenerating liver system
Anatomically, liver appears as a quiescent organ
which shows no mitotic activity in adult animals. It is
possible to initiate growth directly by excessive physiological
demand, by partial hepatectomy or by any deviation from.
the norm (Higgins Anderson 1931). It is well known that
after partial hepatectomy, the remaining liver mass under-
goes changes which lead to compensatory hyperplasia (Goss
1965). This limited growth process then restores the
original organ mass as well as the normal organ structure
(Abercrombie Harkness 1951) in order to cope with the
functions relevant to the organ.
It was reported that the liver may tolerate some
physiological stresses as shown by a subtotal removal of
the organ: there was no.appreciable DNA synthesis or
mitotic activity when the liver loses less than 12% of
its functional mass (MacDonald, Rogers Pechet 1962).
On the other hand the regenerative capacity of liver seems
infinite. When repeated partial hepatectomy was performed,
the regenerative responses did not decline, and the liver
regained its normal mass and volume even after 5 successful
operations (Goss 1965).
Cytological studies show that in response to partial
hepatectomy, DNA synthesis sets in as early as 12-24- hours
after an initial lag period (Bucher Oakman 1969; Bucher
2& Swaffield 1966; Fabrikant 1968), whereas mitotic figures
first appear at 21 hours, with a maximal mitotic index-at
24-36 hour after operation (Fabrikant 1968; Ove, Jenkins
Laszlo 1969; Rizzo Webb 1968).
The responses observed after partial hepatectomy
appear to be changes involved in the preparation for cell
division and concomitant changes in macromolecular metabolism.
The interesting point of liver regeneration seems to reside
in the sequential enzymatic reactions leading to the
restoration of the liver mass. While nucleic acid synthesis
appears to be the dominant event in regenerating liver,
protein synthesis is nevertheless crucial to all cellular
changes. Immediately after operation, enzymes involved in
DNA (Beltz, 1962; Bresnick, Mainigi, Bucino Burleson 1970;
Bucher Oakman 1969; Hiatt Bojarski 1961; Larsson
Reichard 1967; Maley, Lorenson Maley 1965; Myres, Hemphill
Townsend 1961; Ove, Jenkins Laszlo 1969; Reichard 1968)
and RNA (Bucher Swaffield 1966; Fausto 1969a, 1969b;
Krawitt, Betel Potter 1969; Lieberman Kane 1965) synthesis
are either being induced, activated or stabilized. On
the other hand protein synthesis other than those involved
in enzymatic activities is also enhanced in individual
hepatocyte for the maintanence of the serum albumen and
fibrinogen level.(Majumdar, Tsukada Lieberman 1967).
It is interesting to note that increased protein synthesis
has to cope with an increased efficiency of the protein
3synthesizing system (Clerici, Cammarano 'Mocarelli 1965).
Increase in protein synthesis is further potentiated by
the removal of a microsomal protein synthesis inhibitor
and an increase in GTP level after partial hepatectomy
(Hoagland, Scornick Pfefferkorn 1964). The latter has
been shown to be indispensable for protein synthesis
(Hoagland, Scornick Pfefferkorn 1964). Ribosomes
involved in protein synthesis associate with endoplasmic
reticulum, or aggregate to form polysomes in the regenerating
liver (Cammarano, Guidice Lukes 1965; Lieberman Kane
1965; Tsudaka Lieberman 1965; Tsukada, Moriyama, Doi
Lieberman 1968). This aggregation of ribosomes also
accounts for the increased in rate of protein synthesis.
Thus the study of protein synthesis patterns during liver
regeneration is the ultimate source towards the understanding
of the proliferating process.
Chloro-IPC
Isopropyl-N-(3-Chlorophenyl)Carbamate, or Chloro-IPC
in abbreviation, is chemically defined as belonging to
the aryl-NH-CO-0-alkyl group of compounds. It has been
shown that phenylc arb amat e derivatives inhibited cell
division (Ivens Blackman 1949; Storey Mann 1967).
In addition to their cytostatic effect, these compounds
also inhibited the incorporation of labeled amino acids
into various classes of proteins (Mann, Jordan Day 1965).
It has been postulated that Chloro-IPC might affect
4messenger RNA synthesis in plant cells (Mann et al 1967;
Yung Mann 1967). Chloro-IPC effect on mitotic chromosomes
differs from that caused by colchicine on account of the
non-cruciform chromosome appearance (Mann Storey 1966).
Action mechanism of Chloro-IPC remains largely unknown;
and its effects on animal cells have not been observed.
However, if Chloro-IPC interferes with macromolecular
metabolism rather than acting on any specific metabolic
process in plant physiology, it would likely affect animal
cells in a similar manner. In this sense chemical con-
tamination by accumulation of Chioro-IPC by animals,
including man through continuous consumption of Chloro-
IPC treated vegetables and cereals, may become a menace.
This investigation was undertaken to evaluate the
biochemical effect of Chloro-IPC on protein synthesis and
enzymatic patterns in animal growth system; the possible
action mechanism of Chloro-IPC in animal cells is also
discussed in the light of these findings.
5MATERIALS AND METHODS
Animal s
Mature male albino rats from stable colonies were
used. Litter-mates were divided into control and
experimental groups; otherwise, groups were matched
according to age and body weight. 24 hours after the
last injection of Chloro-IPC, rats were subjected to 70%
partial hepatectomy (Higgins Anderson 1931). Operations
were timed to avoid diurnal fluctuations at the moment of
sacrifice. Exactly 24 hours after operation, labeled
precursors were administered through the sciatic vein.
All rats were pulsed for 1 hour and were decapitated
between 9:30-11:30 a.m. The regenerating liver was
perfused in situ with ice-cold saline via the hepatic
portal vein.
In enzymatic studies, rats were divided into 4 groups:
viz shammed control (S), shammed control with Chloro-IPC
(Sc), 24 hours regeneration (R) and 24 hours regeneration
with Chloro-IPC (Re). In kinetic studies,. the S c group
was substituted by Chloro-IPC treated 10 days regenerating
liver (Rc). 5 mg Chloro-IPC per rat was administered
peritoneally. Rats were sacrificed 24-28 hours after
operation.
Materials
Chloro-IPC and 14C-lysine (210 mCi/mM) was purchased
6from Calbiochem, Los Angeles,Calif., U.S.A. L-Lysine-4,
5-T monochloride (366 mCi/mM), L-Leucine-4,5-T (1 Ci/mM)
and 3H-Thymidine-methyl-T (210 mCi/mM) were supplied by
Radiochemical Centre, Amersham, England. ATP*, phos-
phoenopyruvate, pyruvate kinase, NAD+**, NADH***, and
phosphatase substrate were obtained from Sigma Chemical
Company, St. Louis, Mo. U.S.A. Folin-Ciocalte-au reagent
was purchased from Merck, Germany. All chemicals used
were analytical grade.
Due to its very low solubility in aqueous medium,
Chloro-IPC was first dissolved in a minimal quantity
(calculated for final concentration of 1% ethanol) of
70% ethanol and then diluted to 0.2 mg/ml saline for
peritoneal injection. Doses higher than 2 mg was
directly introduced into the peritoneal cavity by mid-
ventral laparotomy in solid crystals.
Instruments
All centrifugation was carried out in a Sorvall
RC2-B or a Spinco L2 65-B ultracentrifuge,.operating at
4° Protein estimation followed the method of Lowry et
al (1951), using a Zeiss PMQ II spectrophotometer.
Radioactive samples were counted with 10 ml Bray's
* * * * * * * * * * * *
*ATP, adenosine triphosphate-..
* *NAD+ nicotinamide adenine dinIuc 1 eb ttL-c(e
***NADH reduced NAD+
7scintillation medium, added with 0.05 M hyamine hydroxide,
in a Nuclear Chicago Mark I liquid scintillation counting
system.
Protein Synthesis
Incorporation of labeled amino acids
Total protein synthesis was estimated after rats were
pulsed with 50 pCi 3H-lysine or 10 pCi 14C-lysine per rat.
The perfused liver lobes were homogenised in Saline-EDTA*,
in a motor-driven ground-glass homogenises. Trichloroacetic
acid (TCA) was added to a final concentration of 5% (w/v).
The precipitate was collected at 10,000 x g for 15 min. and
then washed twice with ice-cold distilled water, containing
5 mm cold lysine. The final precipitate was further
purified by two cycles of 0.3 N KOH- 0.5 N TCA and was
finally taken up in 0.1 N KOH.
Incorporation of labeled amino acids into soluble and
particulate proteins
Total liver homogenate in TMK** or SSC*** was separated
into soluble and particulate fractions by centrifugation
at 160,000 x g for 1 hour. Supernatant fraction was
directly precipitated with 5% (w/v) TCA. Particulate
*Saline-EDTA: 0-15'-M NaCl; 1 mM EDTA pH 7.4
**TMK: 0.05 M'Tris-HCl, 5 mM MgC12, 25 mM KC1,.pH 7.4
k**SSC: 0.15 M NaCl, 0.015 M'Trisodium citrate pH 7.4
8fraction was washed once with relevant medium and
collected under similar conditions. Both fractions
were taken through 3 TCA-KOH cycles as described above.
For extensive purification, stock preparations of
the soluble and particulate fractions from TMK homogenate
were taken through 3 additional TCA-KOH cycles. Specific
radioactivity after each cycle was determined.
Fractionation of sub-cellular particles
Rats were pulsed with 35-40 )lCi 3H-leucine in
accordance with body weight in individual-rats. The
fractionation scheme is presented in Table 1. All
fractions were dialysed over-night against relevant
homogenisation medium without sucrose before taken up
in 0.3 N KOH as stock preparation.
9Table I
Fractionation scheme for subcellular
particles from 24 hours regenerating liver
Liver
TMK or SSC containing
0.25 M sucrose I mM
leucine homogenise in
ground-glass homogeniser































33-50% liver homogenate was prepared in TMK-0.25 M
sucrose-0.5 mM thymidine, pH 7.2. Particles were removed
at 120,000 x g for 30 min. The high speed supernatant
fraction was used as the stock enzyme preparation. All
centrifugation and subsequent steps were kept at 0-4°.
Assay methods
Alcohol dehydrogenase activity was monitored by the
increase in optical density at A 340 due to the conversionmp
of NAD+ to NADH. In a final volume of 0.75 ml, the assay
mixture contained 0.54 M ethanol, 15 mM NAD+ and 0.05 M
pyrophosphate,pH 8.8. After diluting the stock enzyme
preparation 4 to 16 fold, 20 )il was used in each assay.
Lactate dehydrogenase was monitored by the decrease
in optical density at A340 nip as NADH was converted to NAD+.
In a final volume of 0.75 ml, the assay mixture contained
1.1 mM pyruvat e, 3.5 mM NADH and 0.1 M phosphate, pH 7e8 o
After diluting the stock enzyme preparation 16 to 100 fold,
20 pl was used in each assay.
Time course for the above two enzymes was registered
on a Hewlett-Packard 10-inch mono-pen recorder attached to
a Zeiss PMQ II spectrophotometer. Reaction took place in a
1 cm cuvette in a temperature-controlled holder, maintained
at 30°.
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Alkaline phosphatase was measured in a reaction
mixture containing I mM Sigma phosphatase substrate, 7.3
mm MgC1 2 and 0.1 M glycylglyc ine buffer, pH 8.8. 75-200
p.l of stock enzyme preparation was used in each assay.
Incubation lasted for 20 min. at 370. Reaction was stopped
by heating at 1000 for 3 min. The heated assay mixture
was centrifuged and the supernate was read at 410 mp
against a blank without enzyme.
Thymidine kinase was measured in a reaction mixture
containing 3 mM ATP, 3 mM MgC12, 5 mM phosphoenolpyruvate,
25 pg pyruvate kinase, 0.5 mM thymidine, 0.5 )aC 3H-thymidine
and 0.17 M Tris buffer, pH 7.8, in a final volume of 0.5 ml.
Incubation lasted for 30 min. at 370. Reaction was stopped
by heating at 1000 for 3 min. The reaction mixture was
hydrolysed in 001 N HCl with 25)1l TMP* (10 mM). TMP was
resolved on Whatman paper 3 IVIM using I M ammonium acetate
(pH 5)-98% ethanol (3:.7 v/v) as solvent. TMP spot was cut
into small pieces and suspended in 2 ml of 0.1 N HCl in
a counting vial. Samples were counted with 10 ml Bray's
medium.
In kinetic studies for the above two enzymes, the
same assay mixtures with variable substrate concentrations
were used. 0.05 mM thymidine was used in the homogenisation
medium.
* TMP Thymidine mvnapho sphat e
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RESULT
Biological Effect of Chloro-IPC
The UV spectrum of Chloro-IPC is shown in Figure 1.
Long term incubation at 370 resulted in a slight spectral
shift with a diminished absorption at maximum wave lengths
(277.5 and 285 mji). A notable increase at minimum wave
length (260 my) indicates a detachment of the aryl group.
Since boiling at 1000 for 2 hours did not produce similar
effects, it implies that detachment of the aryl group is
not due to heat lability but is the direct, result of a
slow oxidative process.
As shown in Figure 2, growth rates in control and
Chloro-IPC-treated animals receiving 0.6 mg Chloro-IPC
at 2 or 3 day intervals were apparently equal,-albeit
some normal fluctuations. At the end of 32 days, a total
of 7.2 mg Chloro-IPC was administered. The control group
showed an increase of 46.9• while the experimental group,
46.3%. In a duplicate experiment where both groups
started with identical mean body weights, two entirely
super-imposable 'curves were obtained.
Protein Synthesis
While Chloro-IPC caused no difference in growth rate,
protein specific radioactivity in Chloro-IPC treated
regenerating liver was only 54-.3% of that in ..the control,
when Saline-EDTA was used as the homogenisation medium.
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Figure I. UV absorption spectrum of Chloro-IPC
0.2 mg/ml 5% ethanol
0.2 mg/ml 5% ethanol after
boiling for 2 hours
0.2 mg/ml 0.9% saline after
250 days incubation at 37°C
abscissa, wave length in nip.; ordinate,
optical density.
Figure 2. Change in body weight in Chloro-IPC and
saline injected rats. 3-4 rats from
the same litter received 0.6 mg Chloro-
IPC in 3 ml 0.9% NaCl every 2 or 3 days
over a period of 32 days.
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An exactly opposite effect was noted when TMK was
used. In this case, specific radioactivity in Chloro-IPC
group rose rapidly to 150.8% of the control value. In
both cases, inhibitory or stimulatory response was maximal
at 1-2 mg Chloro-IPC per rat (Table 2).
The differential effect of TMK and SSC on the incor-
poration of labeled amino acids was investigated extensively
in a series of 8 independent experiments. As shown in
Table, specific radioactivity in both fractions showed
a notable increase when the homogenisation medium contained
Mg2+. Otherwise, a decrease was observed in the presence
of EDTA. The magnitude of change in specific radioactivity
is graphically presented as percent over control as a
function of Chloro-IPC dose rate in Figure 3. Regenerating
liver seemed to respond maximally to 1-2 mg Chloro-IPC;
dose response declined to about 50% of the peak value as
the dose was increased and remained at this level as far
as 25 mg/rat. The stimulatory or inhibitory effect of
Chloro-IPC was consistent with the presence or absence of
Mg 2+ in the homogenisation medium.
An experiment was specially designed to investigate
the possibility that decrease or increase in specific
radioactivity-is an artefact due to the physiological
state of the rats used, or the processing itself. After
rats were treated under standard experimental conditions
each lobe of the regenerating liver was partitioned into
16
Table 2
Incorporation of labeled amino acids in total

































Note: number in parentheses= number of rats used.
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two identical halves. Corresponding half lobes were pooled
and processed in TMK or SSC. Results turned out to be-
consistent with the observed pattern and were incorporated
in Table 3.
In an attempt to clarify the nature of the increase
in specific radioactivity when tissues were homogenised in
TMK, stock preparations in Experiment 4 (Table 3b) were
further purified by 3 more cycles of TCA-KOH. It was
noted that increase in specific radioactivity diminished
with each cycle, especially in the particulate fraction.
After the third cycle, differences between the control
and experimental groups, in both soluble and particulate
fractions, became minimal (Figure.4).
When the specific radioactivity of sub-cellular
fractions was examined, it was immediately noted that both
nuclear and mitochondrial fractions responded favorably
to Chloro-IPC treatment. The increase in labeled leucine
incorporation was independent of the homogenisation medium
used. However, the differential effect of Mg 2+ in
particulate protein specific radioactivity was again
observed in the ribosome and heavy ribosome fractions.
Ribosomes showed the greatest increase or decrease in
specific radioactivity in accordance with the presence
or absence of Mgt+. On the contrary, soluble proteins
revealed only slight-deviations from that of the control
in a direction consistent with the presence or absence
of Mg 2+.
Table 3
Differential effect of T1 and SSC on the incorporation
of labeled amino acids in soluble and particulate

































































































Note: *results from same group of rats, the liver lobes were equally
-halved and processed in ME and SSC respectively.







Figure 3. Graphic presentation of the differential
effect of TNJK and SSC on the specific
activities of soluble and particulate
protein fractions.
Abscissa, Chloro-IPC in mg; ordinate,




Figure 4. Change of specific radioactivity in
(a). soluble and (b) particulate protein
fractions of TMK homogenate after
successive TCA-KOH cycles.
















































Incorporation of 3H-leucine into subcellular fractions
















































Note: Livers from 3-4 rats were pooled and processed together in
each experiment.
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Table 4 represents the incorporation of labeled
amino acids into different subcellular fractions in
relation to the differential effect of the homogenization
medium.
Enzymatic Study
Change in enzyme activities under Chloro-IPC effect
is presented in Table 5. Alkaline phosphatase was apparently
unaffected by Chloro-IPC treatment or regeneration, or a
combination of both factors.
By the same logic, regeneration had no appreciable
effect on the enzymatic level of alcohol dehydrogenase.
Chloro-IPC per se showed a slightly stimulatory effect
even in normal control liver. Regeneration in the presence
of Chloro-IPC produced no additive effect.
Both regeneration and Chloro-IPC treatment can
individually produce a distinct stimulatory effect on
lactate dehydrogenase activity (LDH) (Table 5) An
additive effect was observed in which regeneration in the
presence of Chloro-IPC brought out the highest enzyme level.
Thymidine kinase (TK) followed closely the pattern
presented by lactate dehydrogenase, but the additive
effect was not so prominent as in the latter (Table 5).
It was also observed that under the present conditions
of experiment, thymidine kinase in regenerating liver was
only 2 times that of control. Other investigators had
23
reported a 6 fold increase (Maley, Lorenson Maley 1965;
Ove, Jenkins & Laszlo 1969). But in most early works,-
thymidine was not included in the preparation of crude
enzyme extract.
Lactate dehydrogenase and thymidine kinase activities


































































































Note: Each result is the average of 6 individual assays at variable
enzyme concentrations.
Chloro-IPO Chloro-IP
Figure 5. Lactate dehydrogenase activity as a
function of increasing pyruvate
concentration.
S; sham-operated
R; regenerating rat liver
Re; Chloro-IPC treated 24-
28 hr regenerating rat
liver
Re'; Chloro-IPC treated 10
days regenerating rat
liver
Figure 6. Double reciprocal plot for lactate
dehydrogenase from data presented
in Figure 5.
S; sham-operated
R; regenerating rat liver
Rc; Chloro-IPC treated 24-
28 hr regenerating rat
liver



























Figure 7. Thymidine kinase activity as a function
of increasing thymidine concentration.
S; sham-operated
R; regenerating rat liver
Rc; Chloro-2PC treated 24-
28 hr regenerating rat
liver
Re'; Chloro-IPC treated 10
days regenerating rat
liver
Figure 8. Double reciprocal plot for thym.idine
kinase from data presented in Figure 7.
S; sham-operated
R; regenerating rat liver
Re; Chloro-IPC treated 24-
28 hr regenerating rat
liver
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DISCUSSION
Biological effect of Chloro-IPC
The apparent non-toxicity of Chloro-IPC in rats is
evident in growth rate studies. However, there is no
proof that all peritoneally administered Chloro-IPC will
remain in the serum, or it can be effectively taken up by
the hepatocytes. Penetration into plant cells has been
demonstrated by Chloro-IPC induced shrinkage of metaphasic
chromosomes (Mann & Storey 1966; Storey & Mann 1967).
Elevated serum Chloro-IPC concentration may induce the
appearance of degradative enzymes, particularly in the
liver. There is also no information about the excretion
rate of Chloro-IPC through the kidney. Nevertheless,
granting a total solubility and stability of Chloro-IPC
in serum, dose rate in the present experiments is far
below that of LD50 (5000 mg/kg) when administered orally.
Protein synthesis
While the decrease in protein synthesis reported in
the present study is compatible with the cytostatic effect
of Chloro-IPC in plant cells, it was at first puzzling
to observe that protein synthesis was increased in Chloro-
IPC treated regenerating liver when the latter was processed
in TMK. The differential effect of Mg2+ evidently comes
into play in the first two steps of processing, i.e.,
homogenisation and centrifugation. The general impression
30
is that Chloro-IPC elicited an increase in the rate of
protein synthesis as well as the rate of releasing finished
molecules from the protein synthesizing system (particulate
fraction) into the soluble phase of cytoplasm. Since the
rate of ribosome synthesis in the early phase of regeneration
in rat liver is already approaching that of HeLa cells
(Chandhuri Lieberman 1968), it is doubtful that these
finished protein molecules are physically comparable to
those in the control regenerating liver. A further
increase in the elevated rate of protein synthesis caused
by Chloro-IPC can be off-set by a reduction in size of
the neosynthesized protein molecules.
This idea is compatible with the results following
extensive purification of protein fractions (Figure 4)
which clearly indicate that increase in specific radio-
activity is pertinent to a population of low molecular
weight proteins that remained acid soluble in successive
cycles of TCA-KOH. An increase in the rate of protein
synthesis and its release can be a direct consequence of
under-sized messenger RNA molecules. It is tempting to
speculate that direct Chloro-IPC binding on the DNA genome
prevents the complete transcription of individual cistrons
as was suggested earlier (Mann Storey 1966, Yung Mann
1967).
Preliminary experiments in equilibrium dialysis in
this laboratory showed that there is a substantial
31
accumulation of Chloro-IPC in the dialysis tube containing
DNA. This process is temperature-dependent.
Higher translation rates of under-sized messenger
RNA may be effectuated at the expense of that of normal
messenger RNA by a competitive drainage of the amino acid
pool or ribosome binding. Mg 2+ depletion may release the
unfinished polypeptide chain, with. or without the association
of transfer RNA, into the soluble phase of cytoplasm
during processing. This no doubt accounts for the decrease
in specific radioactivity in the particulate fraction
when processed with SSC. Short chain polypetides, released
prematurely into the cytoplasm, will then come under the
action of a wide spectrum of proteases of the salvage
pathway (Goldberg 1971).
Fractionation of sub-cellular particles clearly
indicated that increase or decrease of protein synthesis
was at the ribosomal level. It is interesting to note
that both the mitochondrial and nuclear fractions showed
a distinct increase in protein synthesis in spite of Mg 2+
depletion. Isolated mitochondria from regenerating rat
liver were shown to incorporate more labeled amino acid
than those from the control animals (Malkin 1970).
(Clerici, Cammarano Mocarelli 1965) Regeneration in
the presence of Chloro-IPC resulted in a still higher
rate of amino acid incorporation into the mitochondrial
fraction. This is consistent with the observation that
32
Chloro-IPC can further increase the elevated rate of
protein synthesis at the ribosomal level during regeneration.
A compartmentalised distribution of the amino acid pool
(Portugal, Elwyn Jeffay1970), and consequently the
neosynthesized. protein molecules, between mitochondria
and the soluble phase of cytoplasm may counteract the
differential effect of Mg2+. Increase in specific
radioactivity in the nuclear fraction in the presence of
Mg 2+ was moderate as compared to that of control. Mg2+
is known to solubilise arginine-rich histone from the
nucleoprotein complex (Von Hahn, Heim Eichhorn 1970) and
detachment of this histone component will contribute to
the ribosome and heavy ribosome fractions.
Enzymatic pattern
Among the.enzymes studied in the present investigation,
alkaline phosphatase was apparently unaffected by Chloro-
IPC. As alkaline phosphatase includes a wide group of
phosphohydrolases with an alkaline pH optima associated
with mitosis in growth and developmental processes (Pfohl
Guidice 1967), it would be reasonable to conclude that
Chloro-IPC has no inhibitory effect on the course of
regeneration.
Alcohol dehydrogenase exhibits a slightly different
enzymatic pattern. While regeneration does not involve.
any change in activity of this enzyme, Chloro-IPC causes
.a slight and comparable stimulatory effect in both control
33
and regenerating liver. It appears that Chloro-IPC by
itself can change the alcohol dehydrogenase activity
even though it is still premature to speculate the action
mechanism involved.
LDH activity at variable substrate concentrations
were presented in Figure 5. In LDH, a v versus S plot
revealed no significant difference among the 4 groups
studied. In spite of a 50 fold dilution of the stock
enzyme preparation, a pseudo-one order kinetics was
registered. More interesting information was obtained
by using the double reciprocal plot (Figure 6). When
compared to the control sample, LDH from regenerating
liver showed an elevated v as well as elevated K
max m.
Chloro-IPC in regenerating liver served to bring back
the Km to its original value, but at the same time maintaining
the elevated vm. The duration after operation had no
bearing on this change.
While. an elevated Vmax indicated an increase in
LDH level in the Chloro-IPC treated control and Chloro-
IPC treated regenerating liver, increase in Km in
regenerating liver may possibly imply a decrease in
substrate affinity when LDH was measured by the backward
reaction (pyruvate to. lactate). A change in isoenzyme
pattern seems Logical. A shift from the muscle (M) type
composition to the heart, (H) type composition (Dawson,
Goodfriend Kaplan. 1964; Stdi 1970) will be a safe-guard
34
to an accelerated glycolytic rate. Although Chloro-IPC
increases protein synthesis in a general manner, it
inhibits the regeneration-induced transcription of the
H type LDH cistron.
As shown in Figure 7, the first interesting point
about the change in thymidine kinase kinetic parameter is
the shift from a typical Michaelian kinetics in the
shammed control group to a sigmoidal curve in the
regenerating and Chloro-IPC treated regenerating liver
groups. Thymidine kinase in Chloro-IPC treated 10 days
fully regenerating liver returned to a hyperbolic curve
which is manageable by the double-reciprocal plot
(Figure 8).
Substrate affinity in all 1- groups appeared to be
quite similar with an apparent Km of 60 mp mole; that
gives a value about 10 times over that reported elsewhere
(Bresnick, Mainigi, Bucino Burleson 1970). However,
it is difficult to compare between hyperbolic and
sigmoidal kinetics in one single plot. The m value
reported here can only be approximative. A distinct
increase in vmax is noted in the R group, confirming
.the increase in enzyme activity in regenerating liver.
Chloro-IPC tends to bring down the elevated level of
thymidine kinase in the regenerating liver without
changing its sigmoidal kinetics (Figure 7, 8).. It was
formerly believed that de novo synthesis of thymid ine
35
kinase is the key factor to launch the successive waves
of synchronous mitosis (Maley, Lorenson Maley 1965).
However, even in the control normal liver thymidine kinase
can be stabilized by substrate protection (Greulich,
Cameron Thrasher 1961). In the light of our results
activation of thymidine kinase may be achieved as a result
of allosteric transition to its active form.
For all the 1l enzymes studies, Chloro-IPC manifested
no inhibitory effect on enzyme level in accordance with
its stimulatory effect in protein synthesis. Shortened
enzyme molecules may not affect normal enzymatic catalysis
if it does not touch upon the active site. On the contrary,
sub-optimal activity due to under-sized molecular structure
can be matched by an increase in protein synthesis.
However, Chloro-IPC may delay or prevent the appearance
of new enzyme populations. This no doubt accounts for
its cytostatic effect in developing systems where enzyme
induction becomes crucial.
In the light of these observations, Chloro-IPC stimulates
protein synthesis in the regenerating rat liver, as compared
with the regenerating control. The increase in protein
synthesis takes place at the ribosome and heavy ribosome
level. Such an increase in protein synthesis can be coped
with by an increased efficiency of the protein synthesizing
system; however, the stimulatory effect is only visualized
when magnesium ion is present. Chloro-IPC seems to enhance
36
the formation of a population of low molecular weight
polypeptide formation, which may be a direct consequence
of under-sized mRNA synthesis. The.increase in the already
enhanced protein synthesizing system by Chloro-IPC, in
the regenerating rat liver, awaits further investigation
while a direct binding of this drug onto the DNA genome
remains to be proved. Chloro-IPC imposes no inhibitory
effect on enzyme activities of alkaline phosphatase and
alcohol dehydrogenase but causes a change in kinetic
parameter in both lactate dehydrogenase and thymidine
kinas e.
In view of the disturbance of the normal changes
in regenerating liver by Chloro-IPC, this compound may




1. Chloro-IPC manifests no influence on the normal growth
of the albino rats.
2. This compound causes an increase in the uptake of labeled
amino acid into the soluble and particulate protein
fractions of the regenerating rat liver. Magnesium
ion is indispensable to exhibit this stimulatory effect.
3. The regenerating rat liver responds to Chloro-IPC at
an optimal dose of 1-2 mg per rat. At this dose level
the rate of total protein synthesis stands at 150.8%
and 54.3% respectively, in the presence or absence of
magnesium ion.
4. Extensive purification of protein fractions from
regenerating liver treated with Chloro-IPC indicates
the existence. of small protein molecules.
5. In protein synthesis, the ribosomes and heavy ribosomes
are the two fractions most affected by Chloro-IPC.
6. Chloro-IPC has no effect on alkaline phosphatase but
a slightly stimulatory effect on alcohol dehydrogenase
in 24-28 hours regenerating rat liver. It delays or.
prevents the appearance of H type isoenzymes of lactate
dehydrogenase induced, by partial hepatectomy. Enhanced
thymidine kinase activity.may also be delayed or
prevented by Chloro-IPC in the regenerating rat liver.
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